Abstract-The objective of this paper is to demonstrate the sharing of demanded power in a single-phase hybrid micro grid operating in autonomous island mode. We assume that we have DC power sources such as a photovoltaic array and wind turbine in the DC sub-grid that are tied to the AC sub-grid consisting of two uninterruptible power sources (UPS) through a bi-directional single phase inverter. Demand-droop control is used to manage power sharing between power sources in each sub-grid; however, managing the power flow through the entire grid is still a challenge. To overcome this we develop droop control strategies for each sub-grid, and droop control for the interfacing converter. Simulation results using MATLAB are used to demonstrate the performance of the power sharing methodology developed. Four different scenarios have been tested: (1) both sub-grids are heavy loaded, (2) both sub-grids have are lightly loaded, (3) a heavy DC load with a light AC load, and (4) a heavy AC load with a light DC load.
INTRODUCTION
A micro-grid is includes a small-scale power supply such as a wind turbine, photovoltaic array or diesel generator, connected to serve the demand of small communities [1] . Such a distributed generation (DG) network works as a group or individually to provide energy. Fig.1 shows the simplest structure of a micro-grid, in which a house has been equipped with green energy sources, e.g. a wind turbine and photovoltaic array and all are connected to a conventional utility grid though bidirectional inverter. This mode of microgrid operation is called grid-connected mode, unlike the autonomous island mode where the conventional utility is disconnected from the micro-grid [2] . In fact, a micro-grid can include AC sources, DC sources or both to form a Hybrid Micro-Grid.
II. SYSTEM CONFIGURATIONS
A. System Structure As shown in Fig. 2 our micro-grid system is not connected to the utility, and is operating in islanded mode. In the DC subgrid we have two DC renewable sources, photovoltaic and wind, with its local load tied to two ideal AC sources in the AC sub-grid through interfacing converter (bidirectional power flow inverter) with the local load.
B. System Considerations.
Usually parallel operation of DG is desirable to increase the current that can be delivered to a load, as well as to add redundancy to the overall system [3] . Moreover, parallel operation also facilitates proper load sharing. However, they must be synchronized in frequency, phase and magnitude in order to avoid circulating current. Remark 1: The output power of photovoltaic arrays and wind turbines are susceptible to changes in natural phenomena such as sun light and wind speed. In this paper we ask each micro-source to share the same amount of power, and we do not account for the variability in the power output of these sources as a function of changing environmental conditions. Therefore, as an initial investigation, we assume that the wind turbine and photovoltaic array are operating with constant power output in the time period of interest for this paper. Future work will extend this to other operating conditions. Remark 2: From the control perspective, our primary focus is on regulating the output voltage from each micro-source to be consistent with the reference voltage regardless of system dynamics. It is common in some wind turbine applications to adjust pitch angle to manage the mechanical power delivered
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III. SYSTEM MODELING
As mentioned, in AC sub-grid we use ideal sources to model central generation. In DC sub-grid we use more realistic models for the devices.
C. Photovoltaic Array Modeling
The equivalent circuit of a PV cell is shown in Fig. 3 Table I : Symbols abbreviation of (1) and (2). * is affected by the sun light in a proportional manner.
Remark: (1) Is valid for a single PV cell, many cells are combined so that the PV array can operate at its MPP to save power, this can be accomplished using a MPPT algorithm.
D. Wind Turbine Modeling
The wind is a useful source to produce energy. Power can be extracted from the wind as in (3) . In (4), is the pitch angle, while (t) is the tip speed ratio. Therefore aerodynamic design of the blades makes C p (t) a function of (t) and assuming that pitch angle is constant we have (5) [5] . = (5) R is the radius of the rotor, r (t) is rotor speed and V (t) is wind speed. Equation (3) depicts the mechanical power that will be converted into electrical power using an electric generator.
IV. CONTROL STRATEGIES
Droop control is a popular technique that can be used to accomplish power sharing. In a DC power system the transfer of real (active) power is of primary concern, and active power will change proportionally with voltage at constant current. Assume that we have a simple power supply connected to a load, if the load is large there may be a voltage drop in the system. Consider a power supply that can provide maximum power at maximum no load voltage V * . Reducing (droop) in DC source voltage to V can be used to share active power amongst the DC micro-sources [2] , as in (6) where a is the droop coefficient. (6) In contrast, in AC system we have both active and reactive power (P&Q) that requires an equation for both angular frequency and voltage amplitude E. Unlike DC systems, in the case of a large load the frequency also proportionally decreases. (7) and (8) show the droop equations for and E, respectively.
(7) (8)
Starred symbols indicate the reference values of and E at no load and n and m are the droop coefficients. The technique that was first introduced in [2] , had the goal of sharing the load over the grid (AC sub-grid and DC sub-grid) whereas the droop control in AC and DC sub-grids is intended to assist the sub-grids in sharing their load locally. In this configuration, the interfacing converter behaves as a load and a source for the sub-grids depending on where the power transfer needs to occur. As an example assume that the power flows from the AC to DC sub-grid, in this case the interfacing converter acts as a load for the AC sub-grid and as an additional source for DC sub-grid. The idea is to simply combine characteristics of both (AC and DC) droop controls to come up with a new technique. There are many ways to proceed, and one approach is to normalize , the dc-link voltage, and , the AC frequency, after taking their measurements locally. The final droop control then consists of two droop controllers with two power values, making it difficult to use [2] .
Normalized dc-voltage = =
Normalized ac-frequency= NF =
Where is the maximum allowable dc-link voltage, is the minimum allowable dc-link voltage, is the maximum AC frequency, and is the minimum AC frequency. Combining and NF together yields a new normalized variable NI taking values between -1 and 1.
NI= (11)
Negative power indicates that the power flows from AC to DC side, and (12) is used to compute the power.
To control power flow among the entire grid there should be no difference between and NF. A PI controller can be used to eliminate the error, as in (13).
(13) Now (13) is the amount of power required to be transferred either from AC to DC sub-grid or vice versa depending on the sign of [2] .
V. SYSTEM VERIFICATION AND RESULTS
Basically, assume that all micro-sources are rated equally at 2kW, and the interfacing inverter is rated at 4kW to transfer full power capacity of each sub-grid to another as requested. We test the entire grid in four different scenarios.
E. Light DC load vs. Heavy AC load
In this scenario the DC load is assumed to be light, 1 kW, while the AC load exceeds AC sub-grid power capacity, say 6.5 KW, and 7.5 KW is the total load in both sub-grids. Hence DC sub-grid has extra capacity of 3 kW, and according to (12) the interfacing converter will transfer 2.75 kW from DC sub-grid to AC sub-grid and the latter reduces its power production by 2.75 KW. Consequently, each sub-grid produces 3.75 KW, and droop control in each sub-grid causes each micro-source to produce 1.875 KW. The results from the remaining scenarios are summarized in table III. For more details, refer to [6] .
VI. CONCLUSIONS AND FUTURE WORK
Power micro-grids are useful configurations for the power grid to improve electrical efficiency and ensure its reliability. This thesis shows the flexibility of micro-grid management, using the, Droop Demand Control technique. The new Droop Control technique proposed in [2] , was applied to each subgrid and then tested in the AC-DC grid to show proper power sharing between the sub-grids for a variety of different loading configurations. The next step is to extend this technique to systems operating with dynamically variable supply and demand, possibly with energy storage, both in simulation and in physical laboratory hardware. 
